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We are now developing the electron gun for 
magnetic surface measurement in LHD. Since 
LHD is the device using super conducting 
magnets, we can measure the magnetic surface 
under the high magnetic field(,..., 4 Tesla) in steady 
state. In order to· succeed in measuring the 
magnetic surface in LHD, we must develop the 
electron gun being able to emit an electron beam 
under the high magnetic field. In the conventional 
magnetic surface measurement, the thin long 
tungsten filament has been used as the electron 
source, but the filament can be broken by the 
strong electromagnetic force. Therefore, we adopt 
a lanthanum hexaboride cathode. We increaSed the 
thickness of the conventional cathode and 
improved the structure so as to make the cathode 
withstand- the strong magnetic force. Compared 
with the tungsten filament, the lanthanum 
hexaboride cathode has a higher electron emission 
current density and a wide electron emission area. 
The cathode has never been used under the high 
magnetic field. We ,thus, carried out the the 
durability test of the cathode against the strong 
electromagnetic force by using a superconducting 
magnet The cathode amperage is approximately 
30 A, and the maximum ·magnetic field in the 
LHD plasma is about 4 Tesla. Under these 
conditions, the electromagnetic force on the 
cathode is approximately 1.3 Newton per 1 em. 
Figure 1 shows the experimental setup of the 
test stand. An inside diameter of the super-
conducting coil is about 5 em. It is possible to 
generate the magnetic field up to approximately 4 
Tesla at the coil center. The vacuum pressure 
inside the test stand can be kept about several 10-5 
Torr by the turbo molecular pump. Figure 2 
shows the cathode in the test stand. The distortion 
of the cathode has never been observed during the 
test Furthermore, we carried out the long time 
operation test by using the test stand. For more 
than 20 hours, the cathode has confirmed to be 
able to operate without serious problem. 
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We tried to extract the electron beam by 
installing the extraction plate in front of the 
cathode. We set a beam collector in front of the 
plate for measuring the extracted beam current 
We show the experimental result in figure 3. The 
extracted beam current increased with the 
extraction bias voltage, and we can achieve the 
maximum beam current of about 7 rnA. The 
maximum beam current extracted from the 
conventional electron gun in magnetic surface 
measurement was only about 10 ,..,A. In magnetic 
surface measurement, electrons emitted from the 
electron gun are attenuated by interaction with the 
residual gas in the vacuum vessel, the fluorescent 
mesh and so on. Since the number of toroidal 
transits of the electron beam increases with the 
extracted beam current, we can carry out the 
detailed measurement of the magnetic surface in 
. LHD under the high magnetic field by using the 
lanthanum hexaboride cathode. 
Fig.1. Experimental set up for testing the 
lanthanum hexaboride cathode. 
Fig. 2. Photograph showing the lanthanum 
hexaboride cathode in the supercond-
ucting magnet during the test. 
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Fig. 3. The dependence of the extracted electron 
beam current on the extraction bias 
voltage in our electron gun. 
